The major difference in the systems proposed by Newton and Descartes was caused by the controversial concept of "action at a distance. " Newtonian science conceded that interaction between discrete and separated particles must be occurring. An example-indeed, the fundamental example upon which his entire system restsis gravitational attraction; another is electrical attraction between two charged particles. Cartesian science. conversely, did not allow the possibility of discrete particles interacting through empty space; instead, it filled all space with an ethereal substance which acted on bodies (as a chip of wood 1s carried about by an eddy in a pool). In this system. the force of gravity on a planet is but a manifestation of a much different reality-~thc sweeping of the planet through space by a Cartexian vortex.
Contemporary debate over these contrasting views was intense and wax put into stark relief by Voltaire when hc wrote in his Ottres Ang1ui.se.s. "A Frenchman who arrives in London finds a great change in philosophy, as cvcrything else. He left the world full, he finds it empty. In Pdrir one sees the universe composed of vortices of subtle matler. In London one sees none of this."
The debate lasted almost a century, but Newtonian physics, about 1743, ultimately gained universal acceptance in Europe' s scientific community. However, this situation was not permanent. Descartes' ideas reemerged in a different guise in the middle of the 19th cenlury. T he notion of a field is extremely important in geophysics. Consider the top of a stove with one burner turned on. The heat flows from the burner to other points on the top of the stove. The temperature distribution on the stove top represents a field, and the temperature at any point on the stove top is a function of the spatial coordinates x,y and the time coordinate f. Because temperature is a scalar quantity (possessing magnitude but not direction). the set of all temperatures forms a scalar field. The temperature distribution in the solid earth represents a scalar field with three spatial coordinates and a time coordinate. A familiar scalar field is a topographic map, the field being the elevation of the surface of the earth above mean sea level.
The topographic map is also a convenient way to introduce an important concept, one that is familiar to everyone who has climbed a mountain. This is the gradient, abbreviated grad. The gradient is the scalar field manifestation of the mathematical operation known as differentiation in calculus. As a climber goes up the mountain, he experiences the rate of change of elevation. The gradient is defined as the vector (since it has both magnitude and direction) which points in the steepest direction (i.e., the direction in which the rate of change is greatest). The magnitude of this vector is the rate of change of the elevation along this path. Thus, if the climber continually follows the gradient, he will take the shortest path to the top of the mountain.
An important property of the gradient is that its direction is always perpendicular to the contour curve. This is extremely useful because it means that the gradient is related to the contour curve in a way that is completely independent of any particular coordinate system. For example, if one topographic map is made with respect to true north and another with respect to magnetic north, the gradient on each is the same.
The map of the gradients at all the points forms a vector field (because, of course, each gradient is a vector). Geophysics routinely deals with many different kinds of vector fields, such as the flow of water in the ocean, gravity fields, electromagnetic fields, and seismic wavefields.
Two other forms of differentiation, divergence and curl, are used on vector wavefields. But, before these operations can be defined, two concepts from integral calculus-the flux integral and the work integral-need to be introduced. The remainder of this article defines the flux integral and divergence. The next article in this series will define the work integral and the curl. Ultimately, these concepts will be integrated into a discussion of Hooke' s law to explain seismic wave propagation. I t also maneuvers us into a position to adapt the fundamental idea of Descartesa wavefield pervading all space-to seismology. We commonly think of a seismic wavefield extending through the subsurface rock layers. Its simplest form would occur in an unbounded elastic solid that is homogeneous (the same at all points) and isotropic (the same in all directions). When the stresses on this solid are not in equilibrium. wave motion can result.
The unbalanced stresses cause a small particle to oscillate about its equilibrium position. This displacement is a vector (usually designated u) which has length equal to the amount of movement and direction equal to the direction of displacement. Both quantities vary as time varies. The vector field u at all points and all times makes up the seismic wavefield, a direct application of the Cartesian description of nature.
Divergence is the vector form of the calculus concept of dilatation (see Elusticit~: Hooke' s kw. August 1988 TLE ). and this relationship is a key to the vector treatment of wave motion.
Consider the 1-D case shown in Figure  5 . All movement takes place along the x axis. The coordinate of point P in its undisplaced position is x. and its displaced coordinate is x + U. Thus the quantity u is the displacement. In order to define the strain at point P, we must consider how its position to adjacent points has changed. Point Q is very close to P and has coordmate x + AX in its undisplaced position. Q' s displacement is u + Au.
Au can be identified as the flux issuing from the 1-D "volume" A X. so the divergence of u can be written as amount by which a small box is being alternately compressed and stretched as a particle oscillates. Divergence, then, represents motion in the normal directions and none in the tangential directions. A subsequent article will show that if this small box is in the earth. this dilatation propagates as wave motion. The resulting waves are known as compressional waves or longitudinal waves or P waves, and they are the most important type of wave used in seismic exploration for petroleum. This is a stunningly practical resurrection of the Cartesian vortices, a concept that once seemed permanently exiled from respectable scientific discourse. Voltaire, in his preface to the French translation of 
